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With increasing requirement of information capacity of communication systems 
such as optical fiber networks, the many of fibers having larger information 
capacity, single polarization, lower dispersion, few modes, or wideband 
transmission properties have been developed. For finding innovative cross 
sections of fibers, optimal design schemes have been examined. Because 
optimization process expends a lot of time estimating the propagation 
characteristics of fibers, fast solutions to eigenmode analysis are desired and 
under investigation. In this thesis, a fast solver of eigenmode analysis was 
presented, and its validity and usefulness were demonstrated by numerical 
results of periodic waveguides and holey fibers. There are two contributions: 
first, a fast solver of simultaneous transcendental equations given by a 
nonlinear eigenvalue problem (NEP) was developed by finding criterions and 
using the Sakurai-Sugiura projection method (SSM). The SSM is a fast solver of 
NEP for computing all eigenvalues in an integration counter on a complex 
eigenvalue plane but spurious solutions originated in SSM appear when a value 
of the number of eigenvalues in the contour, Ne, is incorrectly estimated. The 
criterions of computed eigenvalues indicate the spurious solutions and avoids 
the requirement of correct Ne in the SSM. Using developed solvers, propagation 
characteristics of a holy fiber using the multi pole method and a leaky antenna 
with periodic metallic gratings using a hybrid Trefftz finite element method 
(HTFEM) were analyzed and its validity and usefulness were confirmed. Second, 
an accurate solver of eigenmode analysis was developed. This solver is based on 
the HTFEM with SSM and developed criterions as an NEP solver. Dividing cross 
sections of fibers into elements with polynomial interpolation functions causes 
the numerical dispersion but yields flexibility of the cross sections in optimizing 
process. On the other hand, using Trefftz elements interpolating fields by 
superposition of the Fourier-Bessel expansion reduces the numerical dispersion 
and flexibility. Hence, using both of polynomial and Trefftz elements in suitable 
subregions of cross sections by hybrid variational principle, which is the hybrid 
finite element method, gives a fast solver of eigenmode analysis for the optimal 
design process. However, this approach yields an NEP as a substitute for 
generalized eigenvalue problems derived from using polynomial finite elements. 
In presented HTFEM, this disadvantage was overcome using the SSM and 
developed criterions as an NEP solver. Numerical results of holy fibers show the 
usefulness and efficiency of the developed HTFEM solver and good agreement 
























 以下に本論文の構成の簡略に述べる。  
 第 1 章では，研究の背景，目的を述べている。 
 第 2 章では，本論文で新たに提案した HTFEM の定式化を述べるとともに，厳密な
解法として知られるマルチポール法（MM）によるホーリーファイバの定式化の概略
を述べる。 




  第 4 章では，光ファイバを対象として開発した HTFEM をホーリーファイバに適用
し，市販有限要素シミュレータならびに MM による計算結果，計算時間の比較を行い，
数値的に SSM と HTFEM を組合わせた解析法の精度ならびに時間の優位性を確認する
とともに，HTFEM の妥当性，有用性を示している。 
  第 5 章では，本研究で得られた結果を総括している。 
  以上のように，本論文は数値解析に関わる新たな知見を提供するとともに,導波
路開発の自動設計の高速化を通じて,工学的貢献が期待できることから,本学本専攻
の審査基準に照らし審査に合格と判定する。  
 
 
 
 
 
